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INTRODUCT ION:  A  HUNGRY WORLD

Shelley Hurt, in the Spring–Summer 2004 issue of the Miller Center Report,
presents the central paradox of the conflict over the introduction of
genetically modified organisms (GMOs) into the food supply, referred to

generally as the GMO wars: Plantings of genetically modified crops have
increased from 4.2 million acres in 6 countries in 1996 to 109.2 million acres
in 13 countries in 2000, a 26-fold increase in 5 years; in the United States,
plantings have increased from 3.7 million acres in 1996 to 74.9 million acres in
2000, a 20-fold increase.1 In 2003, 140 million acres of genetically modified
crops were planted in the United States alone. These are the crops that are sup-
posed to feed the world. Yet during that same period, according to a
November 2003 United Nations Food and Agriculture Organization (FAO)
report, chronic hunger increased significantly, to afflict more than 842 million
persons worldwide.2 The problem is not rapidly expanding population. The
population of the world has grown, but a report from the Institute for Food
and Development Policy attests that “during the past 35 years, ‘per capita food
production has outstripped population growth by 15 percent,’ and the UN’s
FAO states that the world has produced enough food to feed the growing
world population since 1974.”3 So why are people still hungry? The problem is 
serious—as President Jimmy Carter pointed out,“There can be no peace until
people have enough to eat”4—and it is tragically ironic, as the United States
tries diets and surgery and magic to lose weight in a nation increasingly obese.
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There is clearly a failure, a major life and death failure, in distribution of food
worldwide; the painful suggestion is that GMOs are contributing to this failure
rather than working toward its remedy.

The story that follows finds itself on the strange interface between the
American business system, the world’s production of food, and the age-old
hubris that insists that Nature can be conquered, packaged, and bought and
sold for the purposes of the human conquerors. There are times when the con-
quest has worked, more times that it has not, and the GMO controversy may
turn out to be the cautionary tale for our time.

LAW AND ORDER :  

THE  PROSECUTOR’S  TALE

Nowhere is American business less attractive than when it goes on the offen-
sive against an individual farmer. There is no logical reason why that should be
so; the farmer is a businessman like any other, one who just happens to make
his profits off the sale of the produce of his land. Every American business has
the right to carry on its affairs and seek its profits, within legal limits. So what
is morally objectionable about a bank, with a loan in default, seizing the collat-
eral for that loan, even if that collateral is a farmer’s land? It’s just that every
time the bank forecloses on the poor farmer’s home, as portrayed so poignantly
in, for instance, Grapes of Wrath, we want, all of us, to tear the banker into very
small shreds. It must be something about the way the scene is played out in
those movies. Or maybe it’s something about the human relationship to the
land, the rooted relationship that has evolved for more than 10,000 years,
which at some deep level does not recognize the power of a piece of paper
from an alien commercial system.The GMO story of recent years starts with
prosecutions that throw into question the profound relationship of the farmer
to his land and to his crops and that place American business in a very strange
position. Most important, they call into question the customary operations of
the natural world, and place the integrity of all ecosystems in jeopardy. If the
preservation of the work of natural systems is part of our concern, we will have
to pay attention to the curious saga of agricultural DNA and its legal owners.
Let us begin with the tale of Percy Schmeiser.

Percy Schmeiser has been a farmer for more than 50 years in Bruno,
Saskatchewan, Canada, raising rapeseed, or canola, from which derives a very
useful vegetable oil. In October 2002 he and his wife Louise celebrated their
fiftieth wedding anniversary; that’s about how long they had been operating
that farm. He is well known in his community, and well liked, serving as mayor
of the town of Bruno from 1966 to 1983 and later as a member of the legisla-
tive assembly for his district. He was a conventional, scientific farmer, using
chemicals as they seemed to be useful and studying his crop of canola each
year to identify the best plants from which the next year’s seed would be saved,
as farmers have done for millennia. He never bought Monsanto, Inc. canola
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seed, which had been genetically modified to withstand spraying with
Roundup Ready, a popular herbicide; he had no need or desire for it.5

In 1998 Monsanto suspected that Schmeiser might have planted its
Roundup Ready canola, because a farmer in his general area had reported that
after Schmeiser had sprayed with Roundup (prior to planting that year’s crop),
canola plants remained standing in or near his fields. (Unattractive footnote:
Monsanto rewarded farmers who “snitched” on their neighbors who had
“stolen” Monsanto seed.) Promptly, Monsanto employees entered Schmeiser’s
property and without permission took samples of suspicious plants. Sure
enough, some of them turned out to carry the patented DNA that Monsanto
owned. So Monsanto sued Percy Schmeiser for infringement of patent. It
alleged that Schmeiser had illegally purchased Roundup Ready seed from local
farmers in 1997 (instead of purchasing directly from Monsanto, as its contracts
required) and then saved some of that seed for the 1998 crop. It didn’t want
much from the aging farmer: just $205,000 in legal fees, $105,000 in profits
that Schmeiser must have made on the crop, $13,500 ($15 an acre) for tech-
nology fees, and $25,000 in punitive damages—about $400,000 in all.

What had happened? Well, seeds blow around. Given the geography and
weather of Saskatchewan, Percy Schmeiser had no difficulty figuring out what
must have happened. The wind blows all the time up there, especially in the
winter. The ground freezes over, becomes a sheet of ice, and anything that’s
loose on the ground—like seed spilled from a truck, or from the neighbor’s 
harvester—blows until it hits an obstacle, and that might be 100 miles. In
Schmeiser’s case, 100 miles was not necessary: his neighbor (probably the person
that turned him in) had bought seed from Monsanto in 1997 and grown canola
in fields bordering Schmeiser’s, with not so much as a fence separating them.6

All the GMO canola found on Schmeiser’s property was growing in ditches
along the sides of fields (natural resting places for windblown seed) and in the
field immediately bordering those ditches. It wasn’t rocket science to figure
out how it got there, and if this had been a standard case in torts, alleging inten-
tional wrongdoing, Schmeiser would probably have prevailed. But patent law is
unique. It was specifically created in the nineteenth century for cases in which
many inventors were working on the same problem.The first person who
solved the problem would run to the patent office with a diagram of the solu-
tion and would be awarded the sole right to make a profit on the device (or
method, or whatever) for the next 7 years. His competitors, not knowing of his
success, might very well stumble on the same solution but would find, to their
chagrin, that they could make no profit from it.The point of the law was that
the first inventor owned it, and no matter how much richer and more power-
ful his competitors were, they could not simply appropriate it and claim it as
their own (defending themselves, in some later court, with the claim that they
“did not know” it had been discovered before).The downside to awarding a
patent—disabling later inventors—was offset by a strong benefit: anyone in the
same line of work could use the patented design, which was now publicly
known, by simply paying royalties to the patent holder, and could use the
design to leapfrog the technology to the next level. Essentially, the patent freed
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the time of all the other inventors to make advances that would benefit the
public, while rewarding the first. It’s a good system. (Note: The patent is the
opposite of the “trade secret.” A patent is deliberately made public to aid in 
the advancement of technology; a trade secret is deliberately kept private to
protect it from competitors. If you figure out a trade secret—legally, that is, by
simple ingenuity or reverse engineering—you can use it all you want without
paying royalties. But a patent is public, and no matter how innocently you
acquire it, it’s not yours to use without paying the inventor: even if you found
it first, he patented it first.)

All this works well for gizmos, but what about plants—self-replicating, ran-
domly distributed by the wind, uncontained since plants began? Monsanto
claimed that every study they had done showed that canola seed never blew
across property boundaries, but how many of those studies had been done in
Saskatchewan? Meanwhile, what is Schmeiser owed for the destruction of a
seedline that he had been cultivating for 50 years? There are other laws that
apply to this situation, after all. If I raise purebred cocker spaniels, and I am so
pleased with one of my sires that I patent his DNA and charge enormous stud
fees to the owner of any bitch impregnated by him, what are my rights when
he gets over the fence one night and impregnates one of your best purebred
Welsh corgis? Might you not have a suit against me? But patent law, as it is writ-
ten and interpreted, might very well come down on my side.

Incidentally, law aside,Schmeiser seems to have been right about the tendency
of genetically modified seed to migrate. In February 2004, the the Union of
Concerned Scientists (UCS) released a study entitled Gone to Seed, documenting
contamination of the seeds of traditional crops with DNA from GMOs; their lab-
oratory tests of random samples of common seeds showed the presence of
patented DNA. On the whole, the record of containment of bioengineered
organisms is not good.As early as 2000, GM Starlink corn, approved for animal
feed but not for human,was found in Mexican food,and mixed seed from Canada
was mistakenly distributed in Europe. In 2001, illegal GM corn was found in
Mexico, where laws forbid its introduction in order to protect the wild landraces.
No one knows how it got there. By 2002 organic farmers in Saskatchewan were
suing Monsanto because of the modified canola that had got Percy Shmeiser in so
much trouble; it was in their fields too, and they knew very well they had not
bought it. In the same year, GM corn was found amid the soybeans in Nebraska.
In the newest case,GM pollen has been contaminating the organic papaya planta-
tions in Hawaii, and GM bentgrass (used on golf courses) was found dispersed 13
miles from a test field. There are rumblings about prohibiting or carefully limiting
the use of GM crops because of the danger of spread, but

The biotechnology industry and some scientists and lawyers say that the
flow of genes from modified crops to other plants, while inevitable, will
not be a . . . problem. For one thing, they say, genes have flowed naturally
from crop to crop and from crop to weed for eons.“Since pollen flow has
happened all along, you have to look and see if it’s caused problems in the
past, . . . The answer is no.”7
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The New York Times was upset by this conclusion, editorializing that if there are
any problems at all with safety, this failure of containment is genuinely alarming.8

In the end, on May 21, 2004, the law vindicated Monsanto: Monsanto had
a patent, the patented device (or in this case, substance) had been found in
Schmeiser’s field, and Monsanto’s patent was valid. But, there would be no
damages; Percy Schmeiser did not owe any of those appalling sums of money.
Who won? Both claimed victory, and as far as the law was concerned, both
parties deserved to: Monsanto for protecting its patent, Schmeiser for not being
bankrupted four times over by the damage payments. (He still has his own legal
fees to pay.)9

Percy Schmeiser was not the only victim of Monsanto’s prosecutions. As
Schmeiser’s case was wandering through the Canadian courts, a 61-year-old
Mississippi farmer, Homan McFarling, was waging his own battle in the United
States. McFarling had indeed willingly bought seeds from Monsanto and had
signed the contracts that came with them, requiring that he keep his fields open
for inspection, that he retain no seed for later planting, that he ensure that none
of his seeds cross boundaries into neighbor’s fields, that he buy new seed from
Monsanto in the future, and that he report any neighbors who might be seen
using Monsanto’s crops without permission. He saved some of his seed anyway,
contrary to the contract, was sued, and was required to pay Monsanto $780,000
in damages for the profits he had cost them.Apparently he had no idea what the
fine print in the contract said. His net worth approximates $75,000, after a life-
time of very hard work, and a sensible court declared the judgment “unenforce-
able.” That does not get McFarling off the hook, however. He will not have to
pay $780,000, but it’s up to a Missouri court to determine what he will pay.10

Where did this controversy come from? What are “GMOs,” and what are
the implications of having them patented and on the market? The business
world is most interested in the opportunities and challenges presented by the
patenting of GMO technology, permitting Monsanto to assert and defend
“ownership” rights in any crops that may descend from plants modified by that
technology. The ecological world is most interested in the existence of GMOs
themselves and their evident unchecked spread throughout the natural envi-
ronment.What effects may they have, and what precautions are appropriate to
mitigate the dangers they may pose? In the sections following, we will track
the origins of GMOs, the political explosion that attended their introduction
into the market, and the possible future of a technology that poses risks that are
simply not foreseeable.

THE  OR IG INS  OF  GENET IC  MODIF ICAT ION

OF  PLANTS

It all began quietly. That crops could be engineered to resist weed killers—
saving farmers, in the case of genetically engineered tomatoes, potentially $30
per acre each season by reducing the need for hand or mechanical tilling—was
announced in March 1986, in a two-page article in Science, authored by



Marjorie Sun. The Department of Agriculture was expected to announce very
soon its approval of the first outdoor tests of the engineered plants. The article
discussed the potential of such a development, especially the business opportu-
nities that awaited the chemical companies who engineered seeds resistant to
their own herbicides. There was some discussion of the risk of vertical monop-
olies as chemical companies acquired seed companies to create the fit they
were looking for; there was some talk of the possible environmental problems
if farmers became less careful with herbicides; there was a concern over regula-
tion by the EPA (Environmental Protection Agency). None of the concerns
seemed to be serious.11 As for the possibility that people might not want to eat
foods known to be genetically modified, that issue was never raised. No one
suspected this might be the case at the time.

The need for improvement in the world’s agriculture was a well-recognized
cause of concern. Up to 40 percent of the world’s crops are destroyed as they
grow or before they leave the field. Right now it takes one hectare, 2.5 acres,
to feed four people, according to Maria Zimmerman, who is in charge of agri-
cultural research for the sustainable development department of the United
Nations Food and Agricultural Organization.According to a projected increase
in demand, stemming from a higher population living at a higher standard of
living, in about 20 years that hectare will have to support six people.Working
harder will not get the job done; technology has to help.We have the technol-
ogy.“Scientists can now tell with precision which of 50,000 genes in a plant
governs a particular trait. If it is beneficial, they can take that gene out of one
species—something that wards off a common insect, for instance—copy it and
stick it into another organism, to protect it.That organism, and its offspring,
will then have a genetic structure that lets them resist such pests.”12

By the end of that year, MIT’s prestigious Technology Review had reported
the development of new (at the time) and safer herbicides, especially Monsanto’s
glyphosate, with other contributions from DuPont and Cyanamid. But these are
broad-spectrum herbicides, lethal to all plants, which had spurred research to
engineer crop plants that will not suffer from the herbicide.The article notes a
huge potential payoff should such plants be developed.13 A year and a half later,
Jane Brody reported new developments in hormone production: designer live-
stock, created by altering hormones produced by genetic engineering, can cre-
ate cows with more beef and less fat.14 The most impressive advance to date
was announced a year after that—plants that contained their own insecticide.
Understandable enthusiasm greeted the plants with Bacillus thuringiensis (Bt), a
natural insect-killer, engineered into them.There were muted worries there
might be health and safety problems, both for humans and the environment, if
more exotic forms of molecule were to be used and got loose; the danger that
bugs might get immune to Bt surfaced even then.15 Environmentalists fought
the use of bioengineered Bt, partly on the conservative principle that we should
not change nature, but partly on behalf of the organic farmers, who would use
nothing else and were worried about acquired resistance. When it came to cot-
ton, however, they had to concede that biotech is better than the alternative.
Forbes, a business booster, treated the cotton issue as a success story. In a 1990
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article (entitled, of course,“The Lesser of Two Weevils”), Forbes reported that
cotton farmers in the United States had put 100 million pounds of agricultural
chemicals on their crop each year for the last several years, most of it insecticide.
Monsanto’s cotton, with Bt engineered into it, resists bugs without all the spray-
ing, saving the environment.The article noted signs that cotton pests were
beginning to show resistance to the sprayed stuff, which fate may well await
Bt.16 But for the time being, agribusiness in the form of Monsanto, the cotton
farmers, and the environment, all profited from the new developments.

THE  UNEXPECTED  POL IT ICAL  BACKLASH

Tomatoes may have led the way to the present impasse. In 1993, John
Seabrook, writing in the New Yorker, introduced the Flavr Savr, a tomato
developed by Calgene.Almost everyone was enthusiastic about the long-lived
tomato, especially Wall Street. But the beginnings of organized opposition sig-
naled less enthusiasm from other communities. Jeremy Rifkin, president of
the Foundation on Economic Trends and an anti-technology activist of long
standing, well known in technological circles for unflagging opposition to
biological research and change, was already organizing a boycott against it.
Seabrook went on to mention that the Mycogen Corporation was even then
developing a corn with Bt in it that would be helpful in cutting the use of
pesticides (which amounted to 25 million pounds of chemicals per year on
corn alone in the United States). Jeremy Rifkin opposed this development as
well, as did Environmental Defense (formerly, the Environmental Defense
Fund, the first strictly environmental organization to enter the fray), both cit-
ing the possibility of cultivating insect resistance to Bt.The Rhone-Poulenc
firm, meanwhile, wanted to make money selling its bromoxynil herbicide, so
it was helping Calgene develop a bromoxynil-resistant cotton plant. That
meant, in the activists’ understanding, more herbicide use. (The growers dis-
agreed, pointing out that if they didn’t have to worry about the crop dying
from the herbicide, they could use it once, thoroughly, and have done with it.
The activists, most notably Rebecca Goldburg of Environmental Defense,
pointed out that when the local weeds acquired the herbicide resistance, you’d
have to use all kinds of other herbicides to get rid of them.)17 Meanwhile, in
the Flavr Savr, there is an antibiotic to cut down on bacterial attack. Just as
regular exposure to an insecticide will lead to insecticide-resistant insects, so
regular exposure to an antibiotic will lead to antibiotic resistance among the
microbes, and that development can be very costly in terms of human health.
Clearly there were threats, or possible threats, to human and environmental
welfare in the development of these new organisms. As has happened most
frequently in the last quarter century, calls for further testing, and opposition
to the use of GMOs until the testing was completed, came not from govern-
ments but from nongovernmental organizations (NGOs; also called Civil
Society Organizations, or CSOs).
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Jeremy Rifkin saw the whole development as a move to help the drug and
chemical manufacturers cash in on the food business.“What we’re seeing here
is the conversion of DNA into a commodity, and it is in some ways the ideal
corporate commodity—it’s small, it’s ownable, it’s easily transportable, and it
lasts forever. . . . Genetic engineering is the final enclosure movement. It is the
culmination of the enclosure of the village commons that began five hundred
years ago. As we Americans have developed as a society and we have moved
from an agricultural to a pyrochemical to a biotechnical culture, we have seen
that whoever controls the land or the fossil fuels or, now, the DNA, controls
society.”18

By the middle of 1998, the battle was joined. Michael Specter wrote an
extensive and thoughtful article on the European rejection of GMOs in the
summer of that year. Beginning with a quote from a traditional farmer in
Germany, denouncing the U.S. attempts to “change the basic rules of life” by
genetic engineering, he drew out the opposition’s credo:“Here we are going
to live like God intended.” Why is Europe so conservative about its food, he
wondered, and he came up with three logically independent answers.

● First, because Europe has many small farmers, who are threatened by the
new agribusiness crops; these farmers are too small to buy into the revolu-
tion and will be driven out of business if it is successful.

● Second, Europe has a strong environmental movement, the “Green Party”
of most European nations, especially Germany. This movement is com-
mitted to the preservation of the natural species and therefore to opposi-
tion to the introduction of new ones, especially species that, spreading
through the wild, might threaten natural species. Because the movement
had its birth opposing chemical pollution, it is reflexively antibusiness.

● The third and most telling reason is “recent history”: “The shadow of the
Holocaust is dense and incredibly powerful still,” said Arthur Caplan, the
American ethicist now at the University of Pennsylvania.“It leaves Europe
terrified about the abuse of genetics.To them the potential to abuse
genetics is no theory. It is a historical fact.”19

How did the Holocaust get into the soybeans? Are GMOs really that great a
change from traditional crops? Joseph Zak, under contract to the American
Soybean Association to calm Europeans, minimized the impact of the change,
putting it in the line of all advances in agriculture, including, for instance,
“when we moved to breeding to make a better product.” Another observer
came closer to the source of the fear, pointing out that Europeans see genetic
modification as “tampering with their food” and that the perception of manip-
ulation “drives people crazy.”20

In the fall of 1998, The Ecologist devoted an entire issue to the controversy.
Entitled The Monsanto Files: Can We Survive Genetic Engineering? and featuring
on its cover the skeleton of a horse half buried in the endless sand of a lifeless
desert, it waged a scathing attack on Monsanto specifically. “This is the company
that brought us Agent Orange, PCBs and Bovine Growth Hormone; the same
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company that produces Roundup, the world’s biggest selling herbicide, and the
highly questionable ‘Terminator Technology.’ . . . Can we allow corporations like
Monsanto to gamble with the very future of life on Earth?” The issue continues
with allegations of threats to health from every GMO on the market—
hormone-produced milk, the herbicide Roundup, and all the dioxins and PCBs
that Monsanto has sown into the environment from its varied operations.21

Most interesting in the criticism of GMO technology and products are the
parallels drawn between the threats to health posed by GMOs and those posed
in the United Kingdom by episodes of “mad cow disease,” or bovine spongi-
form encephalopathy (BSE), which is a prion disease, not a product of genetic
engineering (nor is it genetic).What does BSE have to do with the GMO con-
troversy? The parallels are there.

● First, profit-oriented innovations led farmers in Britain to include the
offal of slaughtered animals in feed for their herds of beef cattle, and that is
how (in all likelihood) the cows became infected in the first place;

● Second, even when infected cattle staggered and fell before the television
cameras of three continents, scientists plausibly argued that such disease
could not possibly affect humans, so British beef was quite safe; accord-
ingly, its distribution was not regulated very strictly;

● Third, after scientists and government regulators had promised it wouldn’t
happen, some people who ate that beef became very sick and some died.

All this proves what? That fooling around with nature in order to make more
money is a very bad idea (feeding herbivores offal essentially moves them up
on the food chain, and there was no reason to think that their systems could
handle that move); that science is not always right; and that government regu-
lation often dances to the tune of the commercial interests that support the
election campaigns. Essentially, the BSE issue served to undermine the author-
ity of regulatory mandates and scientific pronouncements, and that undermin-
ing turned out to be very important in the outcome of the GMO debate.22

We’ll see those cows again.
Of course the objections were answered. No less a personage than former-

president Jimmy Carter argued the safety and acceptability of GMOs,“every-
thing from seeds to livestock.” Protesting the regulations proposed for adoption
by signatories to the Biodiversity Treaty forged at the 1992 Earth Summit at
Rio de Janeiro, Carter argued that the requirement that recipient nations
approve, item by item, the importation of any GMOs, would leave food and
vaccines rotting on docks all over the world.A farmer himself, Carter points
out that “for hundreds of years virtually all food has been improved genetically
by plant breeders,” by the simple techniques of selective breeding.There is no
evidence of any harm from genetically engineered products; some evidence of
much benefit does exist; and if the technology is halted at this point, the real
losers will be the developing nations and the poor of the world.23 But just as
science and regulators had failed to be totally effective, Jimmy Carter’s influ-
ence made little difference. The controversy continued. In October 1998,
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Michael Pollan wrote an extensive account of a potato (New Leaf Superior),
from development of the new vegetable to planting it in his own garden; the
controversy that enveloped it, including a gripping account of his own uneasi-
ness with this unregulated, unexplained organism, foreshadows all later prob-
lems with this technology.24

In the middle of 1999, the volume of the war increased noticeably. Popular
literature was beginning to notice the GMO controversy, and the consumer
movement sided with the environmental activists.25 Meanwhile a new contro-
versy erupted. Monsanto had engineered a new kind of gene, instantly dubbed
the “terminator gene,” one that would make sure that its bioengineered plants
had no progeny. Why do this? An unsigned editorial in The Economist explained:

Terminator is a set of genes that act as a series of molecular switches.
These switches are set off by a chemical signal sprayed on genetically tin-
kered seed.Although the plant springing forth from that seed is healthy
and can go about its business of producing grain, say, quite normally, the
grain that it produced will not grow if planted, because the activated ter-
minator gene has killed off the seed’s reproductive bits. This means that
farmers who want to grow a plant with the same genetically engineered
traits next season have to go back to the company for more seeds.26

That was the point, of course:“terminator” technology would make it physi-
cally impossible for Homan Sparling to grow patented crops from saved seed,
and Monsanto would not have to waste time in prosecutions. Predictably, a new
uproar greeted the news. First, how mean of Monsanto to deprive poor farmers
of the developing world the possibility of saving their seeds! More ominously,
would these genes spread, by pollen, to the fields of neighboring farms? If they
did, would they inject themselves into the seeds of traditional crops, making it
impossible for farmers planting them to save their traditional seeds from year to
year? How would these farmers know that their seeds were contaminated until
a new crop planted simply failed to germinate, and their family starved? What
new death spores was science (for profit) loosing on the world?27

The publicity was immense. Still in development, and long in advance of
being used anywhere, terminator genes were already being blamed for crop fail-
ures all over the world. The Rockefeller Foundation,which sponsors agricultural
projects across the world, strongly objected to their use. Monsanto formally
promised not to commercialize the genetic engineering of seed sterility.“Given
its parlous public image,Monsanto must be hoping that its move will buy it a lit-
tle goodwill.The terminator technology has raised such interest in the industry,
and caused such an outcry in society, because it is a neat and potentially powerful
way for biotechnology firms such as Monsanto to protect the intellectual prop-
erty locked in genetically modified seeds.”28 As Laura Tangley pointed out,

More than 1.4 billion people, most of them in poor, developing countries,
rely on farm-saved seed as their primary seed source and are unable to
afford repeated annual expenditures for new seeds. Terminator seeds, if
they ever worked, could be a real threat to world food security. Monsanto,



Tangley points out, is not the only company working on them.“The bat-
tle highlights the difficulty of protecting intellectual property when the
products are sophisticated genetic technologies. Monsanto and other firms
have said the terminator is a legitimate way to recoup the billions of 
dollars they have poured into developing bioengineered crops with traits
such as insect resistance.29

That’s a good point. The controversy underscores the difference between
developed-world and undeveloped-world patterns of agriculture. Yearly buy-
ing of new seeds is the way farmers do business in the United States now.The
hybrid seeds that farmers use to produce the wonder crops to which we mod-
ern folks have become accustomed do not breed true—do not produce the
uniform crop we expect—so they have to buy new seeds each year. But in
poorer countries, farmers often recycle whatever seeds they have, hybrid or
not.They have no choice. But patents do not expire at the border, and patents
are the law. How do we protect intellectual property in such a complex area?
Or is that the wrong question? Maybe the question is, should DNA be intel-
lectual property at all? After all, Monsanto is responsible for very little of the
DNA of wheat, corn, tomatoes, or soybeans. Most of it came with the earth,
the created and evolved natural wealth of edible plants that make it possible for
humans to live on this earth. We did not “invent” that wealth, anymore than
we created the rainfall and sunlight the crops need to thrive. Maybe we simply
have no right to go “patenting” and creating “property rights” in the stuff of
life itself.

In May of 1999 new fears were raised, as engineered corn was alleged to be
dangerous to Monarch butterflies.30 Suddenly, wrote John Carey, covering 
science from Washington for Business Week,

foes of bioengineering in the food supply have their own potent symbol:
the beloved monarch butterfly. In mid-May, Cornell University researchers
reported that pollen from corn altered to slay corn-borer pests can land on
neighboring milkweed plants, where it can kill monarch butterfly caterpil-
lars.The finding has biotech foes exulting.“The monarch butterfly experi-
ment is the smoking gun that will be the beginning of the unraveling of
the industry,” says Jeremy Rifkin . . . The findings cast genetically altered
food plants in a new light.They may benefit farmers and consumers, but
now opponents have evidence that there could be worrisome ecological
effects on other species.

It was a silly controversy from the beginning. The study was artificially set up,
the caterpillars were fed carefully isolated Bt pollen in the lab, and the findings
are impossible to verify. Most monarch butterfly larvae die anyway from one
cause or another, and you’ll never get a statistically significant finding that more
are dying from nibbling on altered pollen; most of their milkweed doesn’t grow
anywhere near cornfields to begin with; and the monarch is not at all endan-
gered in its northern range. But both Greenpeace and the Union of Concerned
Scientists are now asking the EPA to pull the seeds off the market.31
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“If the current British furore over genetically modified foods were a crop
not a crisis,” chortled The Economist in June 1999,

you can bet Monsanto or its competitors would have patented it. It has
many of the traits that genetic engineers prize: it is incredibly fertile,
thrives in inhospitable conditions, has tremendous consumer appeal and is
easy to cross with other interests to create a hardy new hybrid. Moreover,
it seems to resist anything that might kill it, from scientific evidence to
official reassurance. Now it seems to be spreading to other parts of
Europe,Australia and even America.There, regulators will face the same
questions that confront the British government: how should the public be
reassured, and how can the benefits of GM foods be reaped without harm,
either to human beings or to the environment?

At least, the U.K.-based Economist consoled us, the United States doesn’t have
to deal with the Prince of Wales, who had taken a very public position against
GMOs.The editorial went on to point out that this unforeseen consumer
backlash “threatens to undermine both this new technology and the credibility
of the agencies that regulate it.” That, it recalled, was the major effect of the
fallout from Mad Cow disease (those cows again).32 By repeated infections of
scandal and general suspicion (fanned by NGOs) that government is in league
with the biotech industry, food fears seem to have developed a resistance to
official reassurance, much as insect species develop resistance to pesticides.

Through the summer and fall of 1999, the media continued its barrage,
tracking the continuing battles in Europe,33 tracking the damage to U.S. farm-
ers from the boycott,34 studying the potential for GMOs to spread to the
wild,35 questioning the ability of bioengineered crops to feed the world as
claimed,36 chronicling the new kinds of crops being brought on to the geneti-
cally modified line (including leaner pigs, extra-meaty hogs, and “Enviropigs,”
porkers with replicated mouse genes that produce manure with less phospho-
rus),37 and most ominously, tracking the growing trend in the United States to
demand proof that genetically modified food is really safe.38 By October,
Monsanto found itself answering claims that its central weed killer, Roundup
(glyphosate), caused cancer. Apparently a “confidential” report by the
European Commission (EC) had concluded that it had “harmful effects” on
mites and arthropods that consume harmful insects. Humans exposed to
glyphosate, according to the Channel 4 news that broadcast the report, are
three times as likely to get non-Hodgkin’s lymphoma. The report was a low
blow to Monsanto: general acceptance of Roundup Ready is essential if
Roundup crops are to be marketed. Monsanto spokespeople dismissed the sci-
entific basis of the studies, pointing out that they were conducted in 1995,
were badly designed then, and had never been taken seriously.39

But the resistance to GMOs is not that easy to dismiss: “Increasingly, genet-
ically ‘improved’ crops are trading at deep discounts, while European proces-
sors have been willing to pay premiums of as much as $1.50 a bushel for
non–genetically modified crops. In September, the huge U.S. grain-processing
corporation,Archer Daniel Midland (ADM), advised American grain farmers
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to begin segregating genetically modified and non–genetically modified crops.
At the same time, the two main U.S. baby food manufacturers, Gerber Products
and H. J. Heinz, declared they would no longer use genetically modified corn
or soybeans in any of their products.” More problems were foreseen for canola
farmers, who do not segregate their crops.40

“The problem is as much about public perceptions as it is about science,”
comments Barry Came, echoing a theme that underlies the entire conflict.

In Europe, the anti-GM battle has been waged against the backdrop of a
series of European food scares that began with BSE, or “mad cow” disease,
in Britain [here those cows are again], and has escalated with scandals over
carcinogenic dioxins in Belgian poultry and dairy products and the use in
France and elsewhere of sewage slurry in animal feeds. The aggressive
stance of U.S.-based agribusiness giants has not helped. The U.S. govern-
ment, responding to pressure from the powerful agribusiness lobby in
Washington, has taken the Europeans to court at the World Trade
Organization, winning successive decisions against Europe’s restrictions on
Caribbean bananas and growth hormone additives in beef. The Americans
have threatened similar challenges to European resistance to the free
import of genetically engineered grains. . . . The combined effect has been
to shatter Europeans’ confidence in what they are eating and drinking as
well as fostering deep resentment about the unrestrained power of U.S.
multinational corporations.“There has been an unprecedented, permanent
and irreversible shift in the political landscape,” Greenpeace’s Lord
Melchett told Shapiro last week.“People are increasingly aware and mis-
trustful of the combination of big science and big business.”41

To avoid the EC boycott,ADM has demanded that all its suppliers segregate
genetically modified grain from “natural” grain. Consider the dilemma of
farmer Dave Boettger: he has 280 acres, half in genetically modified crops.
ADM will pay eight cents a bushel more for the natural product. But if testing
reveals even a tiny amount of altered genes in the higher-priced shipment, he
has to pay ADM to dump the whole load. Pollen blows over all his fields; he
can make no guarantees that none of the genetically modified pollen blew into
a natural field. Now, how does he sell his crop?42

In the middle of the debate on genetically modified foods generally, con-
sideration should be given to two instructive cases concerning milk, whose
production has been enhanced by hormones, and salmon that has been genet-
ically engineered to grow more quickly. The issues are identical, involving the
same doubts, reassurances, and ultimate activist boycotts. The cases are instruc-
tive because each pertains to an area of agriculture where abundance, even sur-
plus, gives the human race an unaccustomed luxury of picking and choosing.

Again, the business press reported it: an unsigned item in the Economist in
July 1999 described a meeting of the Codex Alimentarius Commission, a joint
body of the Food and Agriculture Organization (FAO) and the World Health
Organization (WHO).“At issue is a genetically engineered version of bovine
growth hormone called rbGH, known in Europe as rbST. According to its

CHAPTER TWO28



manufacturer, Monsanto, approximately 30% of American dairy cattle are
injected with rbGH at some stage in their lives, raising their milk yields by
roughly 10%.Although both America’s Food and Drug Administration (FDA)
and Codex’s scientific advisory committee on food additives ( JECFA) con-
sider it safe, many national governments and consumer groups beg to differ.”43

The same pattern—of reassurance by all appropriate scientific bodies, and of
rejection of that reassurance by activist groups that no one could have antici-
pated—shows up here, with the same result.There has been a moratorium on
hormone-enhanced milk products in Europe since 1990. Canada joined in this
one, in January 1999.What’s wrong with the hormone? Veterinaries cite side
effects for the cows—lameness, fertility problems. And there is a 25 percent
greater chance of developing mastitis. The mastitis worries public-health
experts, not because it causes pain to the cow but because it is treated with
antibiotics, which get into the milk and therefore into us,“leading to worries
about allergic reactions and antibiotic resistance.”44 Then the consumer groups
took up the question.The September 1999 issue of Consumer Reports pointed
out that not just corn and potatoes are genetically engineered.Milk “may come
from cows injected with Monsanto’s recombinant bovine growth hormone,
Posilac, to boost milk production. Monsanto says that roughly 30 percent of
the nation’s cows are in herds that get this hormone, produced by genetically
engineered bacteria. And 60 percent of all hard-cheese products today are
made with Chymogen, a biotech version of an enzyme from calves’ stomachs
that helps separate curds from whey.”45

This time the United Nations was not on Monsanto’s side. In August of
1999 the United Nations Food Safety Agency endorsed the European Union’s
(EU) moratorium on Monsanto’s genetically engineered bovine somatotropin
(BST).The FDA had ruled in 1993 that BST is safe; at present it is used in 30
percent of U.S. dairy cattle. However, Europe and Canada disagree.46 Prominent
in this issue is the offhand remark in the Economist, that there was plenty of milk
to go around (for those who could afford to buy it). On the one hand, what
benefit then flows to the public and the consumer if cows’ bodies are flogged to
produce yet greater quantities of surplus milk? On the other hand, is this whole
food fight a product of generous times in the developed world, where no real
need for more food is felt and we can afford to be fastidious?

In the summer of 1998 Dr. Rebecca Goldburg of Environmental Defense
raised the issue of “transgenic” fish. AquaBounty Farms, of Waltham,
Massachusetts, was preparing to commercialize a kind of Atlantic salmon with
an engineered growth hormone. Genetic engineering seemed a logical next
step in the phenomenal growth of aquaculture; as the demand for fish world-
wide increases and the wild fisheries deteriorate under the pressure of over-
fishing, we will have to depend on the fish farms to get the fish to the table.
AquaBounty “claims that its transgenic Atlantic salmon can grow as much as
400 to 600 percent faster than the nontransgenic ones.”47 That’s the good
news. The bad news, Goldburg insists, comes when the transgenic fish escape
from the rearing facilities and join the native fish. What could go wrong? Her
list is interesting: “. . . fish containing a new growth hormone gene might 
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displace wild fish if they outcompete the natives for food or spawning sites,
since the transgenic fish would be larger and grow faster than wild fish at a
given age. Genes for freezing tolerance might expand the geographic range of
engineered fish, allowing them to compete with new, more northerly (or
southerly) species and potentially reducing populations of these fish.”48

Why is this bad news? Our transgenic fish turn out to be bigger, stronger,
and better in the evolutionary competition, so they displace some of the weak-
lings.Why is this wrong? It is wrong not on any anthropocentric ethic (cen-
tered on human rights and interests), but as a violation of the integrity of the
ecosystem—its ability to persist in its natural way, undisturbed by the introduc-
tion of alien organisms. The introduction of transgenic organisms into the mix
is like introducing kudzu or zebra mussels—an exotic species likely to destroy
the ecosystem by displacement of its natural residents, who have lived in sym-
biotic harmony for eons. That is why it is wrong.

At least in this piece, Goldburg does not take on the other scenarios that
are entirely possible with the untested transgenic species. Others do: If wild
females preferred genetically engineered males, (as Goldburg argues, since they
seem to prefer larger mates) and if young engineereds are ultimately unable to
survive in the wild, escape could wipe out the entire wild species.49 It is also
entirely possible that there is a virus out there to which the wild species are
immune by now but to which the transgenics will be susceptible—again, if
they mate with the wild females, wiping out the species. In any case, it is not
expected that salmon will be the last fish to be commercialized in transgenic
form, nor that the trip of the transgenics from the breeding pen to the table
will be free of controversy.50

THE  FUTURE  OF  GMOs

Were GMOs ever a good idea to begin with? There seems to be more here
than meets the eye. Europeans are not normally less rational than Americans;
there is no a priori reason why Europeans should be terrified of food that we
have been eating for years without apparent harm. Three factors in the pro-
foundly hostile European reaction are worth mentioning, because they lead to
global considerations that will have to be addressed before we go much further.

First, it is possible that Europeans have a preference for what is known as
the “precautionary principle”: the conservative principle according to which
no new thing is to be accepted until it has been proved beyond a reasonable
doubt to be safe and better than what is currently available.Americans, on the
other hand, more trusting of novelty, may be inclined to go with a risk-benefit
calculation, placing the new idea on a par with the old and comparing them
for safety and advantage. So Americans may shrug off an unknown innovation
while Europeans greet it with skepticism.

Second, even if Europe had in this case decided to go with a risk-benefit cal-
culation, weighing whatever risks there might be with the benefits of genetically
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altered food, no one ever suggested to them that there were any consumer 
benefits. Monsanto did not think any risks were associated with the foods. But
were there any benefits? All the benefits mentioned were for the growers, who
could cut dramatically their costs for chemicals and labor and so make a bigger
profit. Presumably some of the profit would be passed on to consumer, but the
corn that benefited went mostly to hog and cattle feed (to other producers, not
to consumers), and the rape plants were all ground up for canola oil, which went
into processed food not to be sold on the shelves. At no point did the consumer
get in on the cost savings, and no one ever suggested that these genetically mod-
ified foods were healthier, safer, or better tasting.51

Third, there is the question of the small farmer. Europe has many small
farmers, and they make up a powerful political force. Genetically modified
crops, with the high expense for seed and the economies to be realized in sav-
ings on large-scale tillage, are not for the small farmer, whose profit is in niche
markets. Genetically modified crops, like all large-scale agribusiness, do best in
depopulated areas like the Great Plains in the United States, where small towns
turn to ghost towns as the Atlantic and Pacific coasts gain population. In the
United States, the small farmer is not a political force; the “farm vote” is cast by
the enormous automated farms that have inherited the heartland (not to men-
tion the legislators whose campaigns were financed by ADM and Cargill). Is
this move to agribusiness, away from the small farmer, a good idea?

The plight of the small farmer is of global significance.The question has
force in the United States, where the “family farm,” has at least sentimental
value; carries political weight in Europe; but is of terrible moment in the devel-
oping world. In India, the Philippines, and other nations of Africa, Asia, and
South America, the search for “market access” has given priority to huge plant-
ings of single crops for export only. Ironically, the large farms, owned by multi-
national corporations, often share the region with the farmers they displaced,
now without enough food to feed their children.52 Ultimately, the issue of
whether it is better for the environment, for the consumer, and for the farm
family, to carry on agriculture through small local farms providing local mar-
kets with a variety of crops, or through huge monocultures supplying global
markets through worldwide transportation networks, is larger than we can
consider here. But it’s worth thinking about.53

What future is in store for genetically modified food? As we (the authors)
write, both sides of the dispute are in motion. A cover story in Time on the
new “golden rice,” genetically modified to contain beta-carotene (vitamin A)
proclaims,“This rice could save a million kids a year,” and proceeds to present
a convincing argument for the assertion, based on the extent and consequences
of malnutrition in the developing nations.The article rehearses the by now
familiar arguments against uncritical acceptance of genetic modifications, and
does a nice job of capturing the European suspicions of multinational compa-
nies bearing gifts of new products. But its focus on Ingo Potrykus, professor of
plant science at the Swiss Federal Institute of Technology, who worked for
years to develop the rice, puts a human face on the development of transgenic
organisms for the first time. Potrykus really does want to save the world, or at
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least to feed a significant portion of its children with a more nutritious diet.
Before the world writes off GMOs as an idea whose time will not come,
someone, Potrykus argues, has to explain why it is not necessary to save those
children from blindness and depressed immune systems.54 On the other hand,
Michael Pollan, botanist extraordinary and author of several excellent pieces
on GMOs, nature and agriculture,55 is not alone in pointing out that the rice
growers of the developing nations would have all the nutrition they needed if
they simply left the brown hulls on the rice (the nutritious “brown rice” avail-
able in the supermarket), instead of polishing it to get the culturally favored
white rice.Their nutrition could be enhanced immediately if they would just
plant vegetables on the margins around the rice fields; if we Americans really
want to help them, maybe we could give them the seed for the vegetables. (As
Bill McKibben points out, the farmers prefer eating rice with vegetables,
which they grew before the new agricultural plans forced them into monocul-
ture of rice.)56 Even if they will not eat brown rice or grow vegetables, there
are already very inexpensive vitamin supplements on the market, and a tenth
of the annual publicity budget for “golden rice” could easily bring every child
in the developing world to nutritional adequacy. Golden rice seems to have
been developed more for public relations reasons than nutritional ones; it may
be, Pollan suggests,“the world’s first purely rhetorical technology.”57

All things considered, the GMOs may not be worth the hassle. If they could
feed a hungry world, obviously they (or their patent holders) would have a
moral claim on us. (Such is the claim, for instance, for the next generation’s
“self-cloning” corn, currently under development in Mexico.58) But there is
no evidence that they can; as a matter of fact, they seem to make the problem
of hunger worse. For they need large tracts of land for a large yield, which
alone would justify the investment in expensive seed. In the developed world,
such investment may well make sense, since the high-priced crops are going to
feed higher-priced livestock or food-processing industries. Neither of those
have anything to do with hunger (90 percent of the nutritional value of the
grain is lost if it is fed to livestock; similar fractions are lost when it is processed
into oil for luxury foods, themselves unnecessary and unavailable to the poor).
But in the less developed world, there are no vast tracts of land available for
these crops. The only way to get the land is to displace the subsistence farmers
that lived there. Those farmers may be hired by the new agribusiness establish-
ments to work in the fields from which their families have been evicted (for
very low wages), but they will not be able to buy the crops they are cultivating,
which are primarily for export, and they will not be able to continue farming
on whatever marginal lands are left over. The ironic result of agricultural
progress is hunger in the developing world, while Americans become fat and
food is discarded in truckloads from the supermarket. If we want to help devel-
oping nations, we might want to smooth the way to the market for their tradi-
tional crops, so that their work would raise their income as well as give them
enough food to eat.

The integrity of the natural environment is also threatened by the GMOs.
There is real worry about the spread of the genetically modified creatures into
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the wild.Among the plants, as the UCS study showed, there is no way to pre-
vent traditionally wind-pollinated crops from spreading their seed across the
farmlands neighboring those in which they are planted. In the wrong places,
this cross-pollination could threaten the continuity of the landraces of grain—
maize and wheat especially—to which we turn when new diseases threaten
our crops.There is no way to keep modified salmon caged indefinitely with-
out some escapes, and escapes could threaten the wild species, as valuable in
their way as the landraces of corn and wheat that we count on.

Possibly the worst result of the GMO plantings anywhere is the destruc-
tion, by the introduction of large-scale agriculture, of the wildlife corridors
and mini-habitats along the borders of the fields of the small farms.The eco-
nomics of GMOs do not permit the nonintensive agricultural methods that
are available with the native species, where habitats can be left untouched and
fields can lie fallow to regenerate themselves.What the agribusinesses forget is
that the earth, like any organism, needs time to rest and restore its original bal-
ance of nourishment for plants, be they cultivated or wild.The best course for
the future of the earth lies in a restoration of the balance that agribusiness is
destroying, and it is not clear that the agenda of restoration is compatible with
the widespread use of genetically modified crops.

1. Proponents of genetically 
modified foods often claim that
GMOs are the only way to feed a
hungry world. Can you see how
that might be true? Give argu-
ments. Can you see why it might
be false?

2. How would we ever determine if
GMOs are “safe” for human con-
sumption? Can you design
research that would show that they
definitely are (or are not) safe?

3. What are the implications of this
“food fight” for the way agriculture

is carried out in the world? What
desirable effects follow from the use
of GMOs? What undesirable con-
sequences for the society seem to
follow?

4. We live by folk tales and myths as
much as by facts.Write a science
fiction story (short) about GMOs
that get out of hand. Is it difficult
to do?

5. Is there such a thing as a “violation
of nature,” apart from any harm to
human beings? Do GMOs violate
nature? Why or why not?
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